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doi:10.1016/j.ejvs.2009.08.002Abstract Objective: Endovascular revascularization in atherosclerotic renal artery stenosis
(ARAS) has dominated during the last 15 years with surgery relegated mostly to back-up for
failed endovascular procedures. This study examines the available outcome evidence to deter-
mine what role open surgery should have in comparison to endovascular treatment in the
management of ARAS.
Method: Of 183 papers listed in PubMed, the USNLM and the Cochrane library, (1975e2004) 47,
dealing with outcomes of surgical and endovascular treatments (evidence levels 2b and 3) were
selected. Endovascular included 1750 patients in 16 prospective non-randomised (PNRT) and 5
retrospective (RET) studies. Surgical included 2314 patients in 4 PNRTs and 17 RETs. Outcome data
were subjected to meta-regression analysis weighted according to the inverse variance method.
Results: Meanmaximum ages were 79.4 yrs (SD 6.9) for surgical and 83.6 yrs (SD 3.8) for endovas-
cular studies. Primary technical success was similar. Endovascular patency declined by 0.26%/
month (95% CI: 0.04e0.48, pZ 0.03). Surgical studies showed greater improvement for hyperten-
sion control by 21% (95% CI: 9e33%, pZ 0.001) and for renal function by 34% (95% CI: 18e54%,
p < 0.001), as well as a higher creatinine reduction by 32 mmol/L (95% CI: 7e57 mmol/L,
p< 0.014). A higher excess surgical mortality, 3.1% (95% CI: 1.8e4.4%, p< 0.001) became insignif-
icant, 0.18% (95% CI: 0.7e1.1, pZ 0.70) when concomitant aortic surgery was excluded.
Conclusion: This data shows amarkedanddurable clinical benefit for surgery. Thesefindings ques-
tion the endovascular predominance in intervention in ARAS and highlight the need for a carefully
designed prospective randomised comparison to define the roles of endovascular and surgical
renal revascularization.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.077940500 ext 33072.
h.ucl.ac.uk (G. Hamilton).
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Revascularization in the management of atherosclerotic
renal artery stenosis has undergone a series of changes over
the past 4 decades.
After Goldblatt’s experiments in 19341and Leadbetter’s
report of the first cure of hypertension by surgical renal
artery revascularization in 19382 a direct causal relation-
ship was inferred. Since then the evolution of our knowl-
edge of the pathophysiology of renal artery stenosis and
modern medical treatment together with the asynchronous
developments in diagnosis, in surgery, and endovascular
techniques has taken management of the stenotic renal
artery through a surgical phase then an endovascular
phase. After recent input from key meta-analyses,3,4 the
role of endovascular revascularization is being assessed in
favour of or in tandem with medical management in trials
such as STAR, NITER, CORAL, RAVE and ASTRAL. Indeed the
trend seems to be to avoid intervention altogether however
though these studies include endovascular intervention in
the treatment process, they mostly fall short of investi-
gating the value and effect of restoring and maintaining
patency on their outcomes. Management of ARAS has
traditionally fallen within the realm of nephrologists with
largely technical input from surgeons and now mostly
endovascular interventionalists. Cardiologists have recently
questioned the role of ARAS in the management of CCF5,6
especially in the absence of left ventricular dysfunction and
coronary ischaemia. The US Renal Data Systems (2005)
reported a 2.1% incidence of ESRD (>9000 patients)
secondary to renal artery stenosis/occlusion with a 36.7%
first year mortality. The contribution of ARAS to CCF has yet
to be recognized and measured. Unfortunately, ARAS is not
an isolated causative lesion of a direct clinical manifesta-
tion as fibromuscular dysplasia may be of hypertension. It is
one contributing factor in the interplay of the hyperten-
sion, renal failure and congestive cardiac failure triad
within the background of the wider systemic manifestations
of atherosclerosis in our increasingly diabetic, hyper-
lipidaemic and aging population.
Despite advances in diagnostics, therapeutics and
management, the literature onARAS reflects a failure to reach
clear consensus on the indications for revascularization.
Changes in the decision process in ARAS management have
been largely driven by innovations, and trends in reporting and
treatment costs, with improvement of hypertension control
and renal function, or renal dialysis salvage being the com-
monest targets. Much of the published literature falls short of
a holistic long-term approach in terms of outcome and
patency, improved quality of life and survival benefit.
The current aversion to surgical revascularization is
understandable in this largely elderly and often unfit cohort
of patents but focused clinical evidence to support this
shift does not exist. Current management is based more on
clinical bias rather than evidence and the authors are
concerned that as a consequence, a minority of patients
that would benefit from surgical revascularization are not
being offered this treatment option. The major arguments
against surgical revascularization include the following:
1. The level of co-morbidity in these patients forbids the
use of anaesthetic dependent surgery.2. Outcome studies for surgical revascularizsation only
include younger fitter patients.
3. Endovascular and surgical procedures confer similarly
successful revascularization.
4. Endovascular and surgical procedures are similarly
successful in terms of outcome benefit.
5. The mortality linked to surgery is too high to justify it as
a treatment option.
In this review we chose to analyse the clinical evidence
that is available in the literature and have addressed the
issues of age, co-morbidity, technical success and patency,
survival, outcome benefit in hypertension and renal func-
tion and procedure-related mortality. We found a wide
heterogeneity in published papers in terms of indications
for intervention and in the types of outcomes and data
presented to depict success or otherwise of outcomes. This
has unfortunately limited the study to observational
retrospective and prospective non-randomised studies with
a complete absence of Level 1 data.Methods
Search Strategy: PubMed, the USNLM and the Cochrane
Library were searched for studies dealing with clinical
outcomes of surgical and endovascular revascularization for
ARAS. Search terms were sought in title, abstract and
keyword fields and included the following: atherosclerotic
renal artery stenosis, renal artery revascularization, renal
artery stenting and angioplasty, surgical revascularization,
renovascular hypertension, ischaemic nephropathy and
renal failure. 183 papers were initially retrieved in abstract
form and scanned. Abstract selection: abstracts dealing
with outcomes of endovascular and surgical revasculariza-
tion targeting improvement in hypertension control and
renal function were selected. Exclusion criteria included
other renal aetiologies, lack of an English language version
and other outcome targets. Remaining papers were then
retrieved and reference lists were examined for other
relevant publications.
Further exclusion criteria were applied: following
Nordmann’s recommendations in the 2003 Cochrane
review4 endovascular revascularization studies were
limited to stented studies. Studies selected were those in
which the data under examination could be extracted and
pooled (Table 1) and mainly fell into the category of
prospective and retrospective cohort studies. Fields
examined included: demographic data, co-morbidity,
length of follow-up, technical success, benefit to hyper-
tension and renal function, change in mean arterial blood
pressure (MAP), change in serum creatinine levels,
mortality, patency and 5-year survival. MAP was calculated
from basic systolic and diastolic pressure data in the
papers. Serum creatinine levels were converted to SI units
where other units were used. Creatinine clearance would
have been a better measure of renal function however this
was reported in very few of the papers and only used as an
outcome measure in 2 endovascular and 1 surgical papers.
Other consideration was given to analyzing the impact of
whether revascularization was unilateral or bilateral, the
relationship to pre-procedural degree of stenosis, the
Table 1 Papers included in this study: number of patients in each paper, mean age in years and % males. Where mean age was
not available, age range was included.
Surgical papers Endovascular papers
Author Year Patients Mean age % males Author Year Patients Mean age % males
Pechan BW9 1979 56 n/a 58.9 Rees CR10 1991 28 66 46.4
Novick AC11 1983 51 61 74.5 Raynaud A12 1994 18 58 55.6
Rieder CF13 1984 28 62 85.7 Dorros G14 1995 76 67 52.6
Chibaro EA15 1984 36 61 55.6 van de Ven PJ16 1995 24 66 54.2
Sicard GA17 1985 20 59 65.0 Iannone L18 1996 63 70 49.2
Novick AC19 1985 13 (56e74) 61.5 Rundback JH20 1996 20 70 55.0
Torsello G21 1990 326 58 67.8 Boisclair C22 1997 33 63 57.6
Stansby G23 1992 12 65 33.3 Harden PN24 1997 32 67 n/a
Bredenberg C25 1992 66 63 n/a White CJ26 1997 100 67 42.0
Libertino JA27 1992 97 62 46.4 Dorros G28 1998 145 67 50.3
Gill IS29 1993 13 59 76.9 Gross CM30 1998 30 66 63.3
Reilly J31 1994 48 66 31.3 Rundback JH32 1998 45 70 51.1
Chaikof E33 1994 50 66 74.0 Tuttle KR34 1998 129 71 48.8
Van Damme H35 1995 23 63 69.6 Henry M36 1999 210 68 66.2
Clair DG37 1995 43 68 58.1 Rocha-Singh KJ38 1999 140 67 41.9
Fergany A39 1995 171 62 54.9 Rodriguez-Lopez JA40 1999 108 72 59.2
Hallett J41 1995 304 68 71.7 Watson PS42 2000 33 72 51.5
Cambria RP43 1996 139 67 53.2 Lederman RJ44 2001 300 70 52.0
Steinbach F45 1997 220 60 57.7 Bush R46 2001 73 68 45.2
Cherr G47 2002 500 65 49.2 Henry M48 2003 56 66 57.1
Marone LK49 2004 96 70 48.8 Zhang Q50 2003 87 71 60.9
668 R. Abela et al.associationwithaortic diseaseandprocedures, and the salvage
from and progression to dialysis. Though all surgical and many
endovascular papers gave a detailed breakdown of the lesions
being treated, very few correlated this to outcomes.
Data were analysed using SPSS version 15 and Stata
version 10. Descriptive statistics refer to means of aggre-
gated outcomes. To assess the effect of aortic repair on
mortality and the benefits of the treatment modalities on
hypertension and renal function and patency analysis,
meta-regression analysis was carried out weighted accord-
ing to the inverse variance method, giving more weight to
larger studies. For outcomes represented as percentages
(e.g. mortality), the variance for a binomial distribution
was used, based on the percentage itself and the sample
size for the study. For means (MAP and creatinine), the
intention was to divide the standard deviation squared
divided by the sample size. However the standard deviation
was reported only for a minority of studies. For those
studies, the standard deviation value was similar between
the studies. Therefore in the meta-regression analysis,
weighting was done only according to the sample size.
In meta-regression, the intervention was the chief
independent variable, but where the post-procedural mean
MAP or creatinine was the dependent variable, pre-proce-
dural means were included as a covariate.
To investigate the impact of study size on the differ-
ences in outcome between surgical and endovascular
studies, an interaction term was added to the weighted
regression model. Study size was dichotomized as to
whether the studies had more or less than 40 patients. A
similar analysis of interaction with type of study compared
the effect in prospective non-randomised studies with
retrospective studies.Little evidence of interaction was found for type of
intervention either with size or type of study. The only
evidence of interaction was for improvement of hyperten-
sion according to size of study: in small studies there was no
difference between surgical studies and endovascular
studies, in larger studies, surgery was found to be superior
(p for interactionZ 0.005). Despite the detailed nature of
some of these analyses we acknowledge that the hetero-
geneity in the data extracted from these papers weaken
the evidence base and prevent us from drawing robust
conclusions.
Results
The selection processes yielded a total of 21 endovascular
and 21 surgical studies including a total of 4064 patients:
1750 endovascular patients in 16 prospective non-rando-
mised (PNRT) and 5 retrospective (RET) studies and 2314
surgical patients in 4 PNRTs and 17 RETs. Significant stenosis
was defined as being >50%, >60%, >70% and >75% in 5, 4, 9
and 1 endovascular papers and >50%, >60%, >70%, >75%,
and >80% in 2, 3, 1, 9 and 1 surgical papers respectively. 2
further surgical papers included only ‘high grade’ stenoses.
Age and co-morbidity
The first issue addressed was whether endovascular studies
included sicker and older patients. There was broad simi-
larity in age ranges across all the studies. Mean age was
67.8 years for endovascular, and 62.5 for surgical studies.
Mean maximum age was 83.6 years for endovascular and
79.4 years for surgical studies. Medians of the age ranges
Table 2 Co-morbidity data is similar across endovascular and surgical studies.
Co-morbidity Surgical papers Prevalence (%) Endovascular papers Prevalence (%)
Mean Median Mean Median
Ischaemic heart disease 12 53.4 52.9 15 59.9 60
Cerebrovascular disease 10 32.5 30 9 26.8 29
Diabetes 10 13.6 15 17 25.5 25.5
Peripheral vascular disease 13 58.7 56.4 13 48.6 48
Smoking 6 66 68.5 14 49.1 49.5
ARAS Revascularization 669would have given a clearer picture of the age distribution
however this data was not available most papers.
No data was available about the state of health of
patients at the time of intervention and the reporting of
co-morbidities varied among different papers. Nonetheless
distribution and prevalence of co-morbidities were similar
for both modalities (Table 2).
Follow-up
Difference in length of follow-upwasnotable.Meanof average
follow-up was 41.7 months (SD 27.5) in surgical and 15.3
months (SD 9.6) in endovascular studies. Time-points of
measurement of outcome data indicating effects on hyper-
tension and renal function however were not equivalent to
length of follow-up inmost of the papers. Themean timepoint
for endovascular papers was 7.1 months, median 6 months.
The mean time point for surgical papers was 25.1
months, median 22 months. This difference changes the
impact of the surgical outcome data such that surgical
outcomes pooled in this paper could be seen as sustained
long-term results. Combined time point and outcome data
including size of study population are shown in Fig. 1.
Technical success
Technical success was minimally but non-significantly lower
in surgical studies by 0.09% (95% CI: 0.62e0.80, pZ 0.8).
The surgical data however included the results of combined
renal and aortic procedures with those of isolated renal
revascularization.
Patency
This study was unable to compare maintenance of patency
beyond the initial technical success since there was insuffi-
cient patency data in surgical studies for analysis. 2 indi-
vidual papers quoted 98% and 92% patency at 36 and 60
months respectively. Patency data from 13 endovascular
papers were for the first year of follow-up with two further
papers quoting patency up to 36 months and one paper up to
60 months. Analysis of this data showed that stent patency
declined by 0.26% per month (95% CI: 0.04e0.48, pZ 0.03),
equivalent to a 3% absolute decrease in patency per year.
Survival
4 out of 26 endovascular papers supplied survival data
(Table 3), which was insufficient for analysis. 10 surgicalpapers supplied 5-year survival data ranging from 48 to 94%
(Fig. 2) and using denominators for each study, gave
a combined estimate of 68%.
Hypertension
There was a 21% higher rate of improvement in hyperten-
sion in surgical procedures compared to endovascular (95%
CI: 9e33%, pZ 0.001). The definitions of improvement
included normalization of blood pressure to diastolic pres-
sure 90 mmHg, a reduction in medications to maintain
diastolic pressure 90 mmHg, a reduction in diastolic
pressure by 15e20 mmHg or reduction in diastolic pressure
by 15%. Data for percentage improvement and deteriora-
tion are depicted in Fig. 1. Measurements were generally
taken at later time-points after surgical than after endo-
vascular procedures suggesting that improvement resulting
from surgical revascularization is sustained for longer
periods.
Differences between pre-procedural and immediate
post-procedural blood pressure have been simply presented
in Table 3 and Fig. 3a. The pre-procedural mean blood
pressures are similar in both the surgical and the endovas-
cular papers however there is a greater reduction in post-
procedural blood pressure in surgical papers.
These findings were further analysed to correct for
difference in study size and for variation in pre-procedural
blood pressure between the papers. This revealed a non-
significant 0.8% lower rate of deterioration in hypertension
in surgical procedures (95% CI: 0.7 to 2.2, pZ 0.28). A
weakly significant greater decrease in systolic pressure by
5 mmHg (95% CI: 3e12 mmHg, pZ 0.087) and diastolic by
4 mmHg (95% CI: 1e8 mmHg, pZ 0.012) was found, after
adjustment for pre-procedural blood pressures. The
difference in post-procedural MAP was 3.1 mmHg (95% CI:
1.0e7.3, pZ 0.13), being lower in the surgical group
after adjustment for pre-procedural MAP (Fig. 3a).
It is important to distinguish between describing
improvement in hypertension in terms of blood pressure
measurements and in terms of the applied definitions of
improvement in hypertension control which include
reduction in number of medications in addition to actual
pressure changes. Also, post-surgical blood pressure fluc-
tuates widely in response to inadequate pain control and
other noxious stimuli.
Renal function
There was a 34% higher rate of improvement in renal
function in surgical procedures compared to endovascular
Figure 1 Scatter-graphs of hypertension or renal function improvement (A), no change (B) and deterioration rates (C) against
average time-points of measurement for surgical (red circles) and endovascular (blue triangles) studies. The sizes of points are
proportional to study size. Longer surgical time-points suggest sustained longer-term outcome benefit.
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rate of deterioration in renal function in surgical proce-
dures (95% CI: 2.6e14.9, pZ 0.006). Definitions of
improvement in renal function varied. One surgical paper
required a 20% increase in eGFR (estimated Glomerular
Filtration rate) and 2 endovascular papers require a 15%
and 20% improvement in creatinine clearance respectively.
Remaining papers used serum creatinine levels as an
outcome measurement. Improvement was not defined in 13
papers. 11, 5 and 2 papers required a decrease in creatinineby 20%, 15% and 10% respectively. 3, 1 and 2 papers
required a decrease in creatinine of at least 17.5 mmol/L,
35 mmol/L and 80 mmol/L respectively.
To give another perspective, the difference between
pre-procedural and immediate post-procedural creatinine
levels is presented in Table 3 and Fig. 3b. It is immediately
evident that surgical papers studied populations with
worse renal function than endovascular papers and the
latter seem to have actually worsened renal function
overall.
Table 3 Pre-procedural blood pressure and serum creatinine measurements and poet-procedural reductions. The negative
value in creatinine reduction denotes a relative deterioration however average pre-op creatinine was higher in surgical papers.
Parameters assessed Surgical papers Endovascular papers
Mean Median SD Mean Median SD
Pre-op systolic BP (mmHg) 178.6 176.0 13 172.9 169 11.1
Reduction in systolic BP (mmHg) 33.0 34.0 13.8 23.0 19.3 15.9
Pre-op Diastolic BP (mmHg) 97.2 96.0 5.8 93.2 87.5 10.8
Reduction in diastolic BP (mmHg) 16.1 16.0 7.9 10.8 9.0 6.3
Pre-op MAP (mmHg) 123.0 121.7 9.9 119.3 116.5 9.0
Reduction in MAP (mmHg) 19.8 19.0 12.2 12.4 9.5 7.5
Pre-op creatinine (mmol/L) 259.4 239.0 71.4 158.1 150 29.6
Reduction in creatinine (mmol/L) 85.3 62.0 60 2.2 2.0 11.9
Figure 2 5-year mortality for surgical studies.
ARAS Revascularization 671As with the blood pressure findings, this data was further
analysed to correct for difference in study size and for
variation in pre-procedural blood pressure between the
papers. A significantly greater creatinine reduction of
54 mmol/L (95% CI: 28e80 mmol/L, p< 0.001) was found
after surgical treatment. The difference in post-procedural
creatinine was 32 mmol/L (95% CI: 7e57, pZ 0.014), being
lower in the surgical group, after adjustment for
pre-procedural creatinine.
Mortality
Initial comparison of mortality data showed a significant
3.1% excess procedure-related (30 day) mortality for
surgical treatment (95% CI: 1.8e4.4, p< 0.001). Excess
mortality denotes the average difference in mortality
between surgical and endovascular studies. Subsequent
inspection of the papers showed that several surgical
papers incorporated the results of more ambitious surgery
such as concurrent abdominal aortic aneurysm repair and
surgery for aortic occlusive disease which increase opera-
tive mortality. These procedures constituted 27.7% of total
surgical procedures. Isolated renal revascularization
included a variety of procedures: aorto-renal bypass with
vein or prosthetic grafts (23%), extra-anatomic bypass
(61%), endarterectomy patch angioplasty (14.6%) and bench
reconstruction and re-implantation (1.4%).
There was sufficient data to separate results for
combined aortic and renal procedures from isolated renal
artery revascularizations. Combined procedures conferred
a significant excess surgical mortality of 6.5% (95% CI:
3.8e9.3, p< 0.001) compared to isolated renal revascular-
ization Comparison of endovascular with isolated renal
artery surgical revascularization revealed an insignificant
0.18% excess mortality compared to endovascular mortality
(95% CI: 0.7e1.1, pZ 0.7) (Table 4).
Discussion
This analysis of the available data suggests that surgical
revascularization is a valuable treatment which has better
outcomes and durability than stent angioplasty. The
current limitation of surgery as a largely salvage measures
in technical failure of endovascular procedures can be
challenged by these results.
Figure 3 Graphs showing the pre- and post-procedural MAP (a) and serum creatinine (b) demonstrating advantage for surgical
studies and overall deterioration in post-procedural renal function in endovascular studies.
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with this analysis namely, the lack of high quality clinical
data to allow comparison of the two modalities. All
included studies are observational with variation in the
selection criteria of patients in different studies in terms of
severity of stenosis, renal length, renal function and
severity of hypertension. Additionally several publications
were excluded because the data were not accessible in
compatible format to allow analysis. We have presented
a pooled estimate of difference between surgical and
endovascular procedures for each outcome, to provide
a useful summary of this data from a large number of
studies from which to infer the relevant clinical importance
of surgical and endovascular renal revascularization.
During the time period covered by this study, there has
been progress in stent technology, pharmacology and non-
interventional management of ARAS. However there has
also been significant development in pre-operative cardio-
vascular optimization, selection, anaesthesia and peri-
operative management, making surgery a lower-risk option
in comparison to 15e30 years ago when most of these
surgical series were undertaken. The two major shortcom-
ings in studies investigating the outcomes of revasculari-
zation have consistently been a lack of long-term follow-upTable 4 Surgical mortality has been disadvantaged by the
inclusion of aortic aneurysm repair. The separate mortality
for surgical isolated renal revascularization is not signifi-
cantly higher than for endovascular procedures.
Increased
mortality
95% CI p value
All surgical vs endovascular
procedures
3.1% 1.8e4.4 <0.001
Surgical revascularization
with vs without
simultaneous aortic repair
6.5% 3.9e9.3 <0.001
Isolated surgical
revascularization vs
endovascular revascularization
0.18% 0.7e1.1Z0.70of patency and its correlation to changes in outcomes. It
has been increasingly recognized that revascularization of
a main stem renal artery does not improve outcomes when
there is irreversible end-organ dysfunction in the form of
atherosclerotic nephropathy and hypertensive nephro-
sclerosis. Prediction of renal parenchymal injury by
applying broad selection criteria such as renal length, limits
on serum creatinine levels and the presence or otherwise of
proteinuria have not yielded uniform outcome responses.
The use of renal biopsy for the diagnosis and scoring of
histopathological damage in atherosclerotic nephropathy
reported by Wright,7 showed consistent correlation
between scoring severity and renal functional prognosis.
This practice has not been widely adopted because of the
risk of damage to already compromised kidneys, additional
costs and the invasive nature of this procedure. One of the
outstanding findings in this paper is the difference in
improved outcomes in terms of hypertension control and
renal function after surgery despite the fact that these
improvements were measured at later time-points than in
endovascular studies. This also suggests that the benefits
from surgical outcomes are sustained for longer periods.
Endovascular revascularization is confirmed as giving less
functional improvement than expected from the excellent
technical success rates. The main theory to explain this
deficiency is atheroembolism from the considerable trauma
to the vessel walls both during catheterization and angio-
plasty and stenting. The recently introduced protection
devices still allow passage of showers of microemboli up to
100 mm in size, enough to block the glomerular pores which
are only 8 mm. Another possible phenomenon is the release
of tissue factor, other procoagulant inflammatory cytokines
and thrombin by the inflammatory response to the angio-
plasty procedure. Although these factors could also
complicate surgical revascularization, this procedure
requires the use of clamps and routine flushing of vessels to
remove any thrombus or particulate matter prior to
completion of an anastamosis, though clamping itself
potentially induces ischaemic injury. Yet another plausible
theory is the effect of the destruction of the sympathetic
innervations along the renal artery during surgical
dissection.
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concomitant aortic repair is excluded, no significant
difference in mortality was found between surgical and
endovascular repair. This lack of mortality benefit for
endovascular revascularization may be explained by case-
mix with higher risk patients selected for stent angioplasty
rather than surgery. Nevertheless, this analysis shows that
surgery focused purely on renal revascularization carries an
acceptably low operative mortality. Surgeons have several
options for revascularising the renal arteries which avoid
cross-clamping of the aorta such as aorto-renal bypass and
renal artery endarterectomy,8 where the aorta is side-
clamped, extra-anatomic bypass and rarely extra-corporeal
reconstruction with autotransplantation. The extra-
anatomical bypass is favoured by most surgeons because of
the subcostal incision with its lower morbidity and the
complete avoidance of the aorta.
This study shows that for suitable patients surgery could
be a significantly better option in terms of improved and
durable control of hypertension and improved renal func-
tion. However there is no Level 1 evidence to support this
conclusion. As a result of the almost universal preference
for stent angioplasty, vascular surgeons in the UK and much
of Europe are no longer a regular part of the clinical team
treating renovascular disease. This and the resultant
decrease in surgical expertise means that a prospective
randomised comparison of surgical and endovascular
revascularization is unlikely to happen. The results of our
analysis show that such a comparison is needed to defineFigure 4 Suggested algorithm for management of pthe roles of the two modalities in treating renovascular
disease. It is likely that the two modalities are compli-
mentary with stent angioplasty the treatment of choice in
sicker patients with a short life expectancy and surgical
reconstruction avoiding the aorta, the choice for younger,
fitter patients. We have already implied that the decision
process is complex and crucially depends on multi-disci-
plinary interaction to optimize outcomes. There is clearly
an important role for vascular surgery and based on the
results of this analysis we suggest an algorithm for the
management of patients with atherosclerotic renovascular
disease (Fig. 4). We recognise that this algorithm is not
based on unshakable Level 1 evidence however it may serve
as a guide in the clear absence of such evidence and would
be the ideal basis for a randomised controlled study espe-
cially if a medical arm was included.
Finally there is a lack of conclusive evidence that long-
term functional change and benefit are related to renal
artery patency. This is why management of asymptomatic
renal artery stenosis is primarily conservative/medical
management. On the other hand there is no evidence that
endovascular revascularization is superior to surgery in
maintaining patency. Moreover the general impression from
the findings of this study is that surgery is better for
patients in terms of functional outcome and that surgical
mortality, even from series carried out 15e30 years ago,
was already not significantly higher than that for endovas-
cular intervention. It is hoped that the findings from current
large trials will help to formulate clear guidelines foratients with atherosclerotic renovascular disease.
674 R. Abela et al.indications for revascularization and promote patency to be
re-addressed in future trials comparing the outcome of
endovascular and surgical intervention in patients who
would be expected to benefit from revascularization.
Conflict of Interest/Funding
None.
References
1 Goldblatt H, Lynch J, Hanzal R, Summerville N. Studies of
experimental hypertension: the production of persistent
elevation of systolic blood pressure by means of renal
ischaemia. J Exp Med 1934;59:347e78.
2 Leadbetter WF, Burkland CE. Hypertension in renal disease. J
Urol 1938;39:611.
3 Ives NJ, Wheatley K, Stowe RL, Krijnen P, Plouin PF, van
Jaarsveld BC, et al. Continuing uncertainty about the value of
percutaneous revascularization in atherosclerotic renovascular
disease: a meta-analysis of randomized trials. Nephrol Dial
Transplant 2003;18:298e304.
4 Nordmann AJ, LA. Balloon angioplasty versus medical therapy
for hypertension in patients with renal artery obstruction.
Cochrane Database Syst Rev 2003;3 (CD002944).
5 Main J. Atherosclerotic renal artery stenosis, ACE inhibitors and
avoiding cardiovascular death. Heart 2005;91:548e52.
6 de Silva R, Nikitin NP, Bhandar Si, Nicholson A, Clark AL,
Cleland JG. Atherosclerotic renovascular disease in chronic heart
failure: should we intervene? Eur Heart J 2005;26:1596e605.
7 Wright JR, Duggal A, Thomas R, Reeve R, Roberts IS, Kalra PS.
Clinicopathological correlation in biopsy proven atherosclerotic
nephropathy: implications foe renal functional outcome in
atherosclerotic renovascular disease. Nephrol Dial Transplant
2001;16:765e70.
8 Freeman F. Thrombendarterectomy for hypertension due to
renal artery occlusion. JAMA 1954;157:1077.
9 Pechan RW, Novick AC, Stewart BH, Straffon RA. Endarterec-
tomy and patch angioplasty in treatment of atherosclerotic
renovascular hypertension. Urology 1979;14(5):487e90.
10 Rees CR, Palmaz JC, Becker GJ, Ehrman KO, Richter GM,
Noeldge G, et al. Palmaz stent in atherosclerotic stenosis
involving the ostia of the renal arteries: preliminary report of
a multicentre study. Radiology 1991;181(2):507e14.
11 Novick AC, Pohl MA, Schreiber M, Gifford Jr RW, Vidt DG. Revas-
cularization for preservation of renal function in patients with
atherosclerotic renovascular disease. J Urol 1983;129(5):907e12.
12 Raynaud AC, Beyssen BM, Turmel-Rodrigues LE, Pagny JY,
Sapoval MR, Gaux JC, et al. Renal artery stent placement:
immediate and midterm technical and clinical results. J Vasc
Interv Radiol 1994;5(6):849e58.
13 Reider CF, Iliopoulos JI, Thomas JH, Pierce GE, Hermreck AS.
Trends in reconstruction for atherosclerotic renal vascular
disease. Am J Surg 1984;148(6):855e9.
14 Dorros G, Jaff M, Jain M, Dufek C, Mathiak L. Follow-up of
primary PalmazeSchatz stent placement for atherosclerotic
renal artery stenosis. Am J Cardiol 1995;75(5):1051e5.
15 Chibaro EA, Libertino JA, Novick C. Use of the hepatic circula-
tion for renal revascularization. Ann Surg 1984;199(4):406e11.
16 van de Ven PJG, Beutler JJ, Kaatee R, Beek FJ, Mali WP,
Geyskes GG, et al. Transluminal vascular stent for ostial
atherosclerotic renal artery stenosis. Lancet 1995;346(8976):
672e4.
17 Sicard GA, Etheredge EE, Maeser MN, Anderson CB. Improved
renal function after renal artery revascularization. J Cardiovasc
Surg 1985;26(2):157e61.18 Iannone LA, Underwood PL, Nath A, Tannenbaum MA, Ghali MG,
Clevenger LD. Effect of primary balloon expandable renal
artery stents on long term patency, renal function and blood
pressure in hypertensive and renal insufficient patients with
renal artery stenosis. Catheter Cardiovasc Diagn 1996;37(3):
243e50.
19 Novick AC, McElroy J. Renal revascularization by end to end
anastamosis of the hepatic and renal arteries. J Urol 1985;
134(6):1089e93.
20 Rundback JH, Jacob JM. Percutaneous renal artery placement
for hypertension and azotemia: pilot study. Am J Kidney Dis
1996;28(2):214e9.
21 Torsello G, Sachs M, Kniemeyer H, Grabitz K, Godehardt E,
Sandmann W. Results of surgical treatment of atherosclerotic
renovascular occlusive disease. Eur J Vasc Surg 1990;4(5):
477e82.
22 Boisclair C, Therasse E, Oliva VL, Soulez G, Bui BT, Querin S,
et al. Treatment of renal angioplasty failure by percutaneous
renal artery stenting with Palmaz stents: midterm technical and
clinical results. Am J Roentgenol 1997;168(1):245e51.
23 Stansby GP, Scoble JE, Hamilton G. Use of the hepatic arterial
circulation for renal revascularization. Ann R Coll Surg Engl
1992;74(4):260e4.
24 Harden PN, MacLeod MJ, Rodger RS, Baxter GM, Connell JM,
Dominiczak AF, et al. Effect of renal artery stenting on
progression of renovascular renal failure. Lancet 1997;
349(9059):1133e6.
25 Bredenberg CE, Sampson LN, Ray FS, Cormier RA, Heintz S,
Eldrup-Jorgensen J. Changing patterns in surgery for chronic
renal artery occlusive disease. J Vasc Surg 1992;15(6):1018e24.
26 White CJ, Ramee SR, Collins TJ, Jenkins JS, Escobar A,
Shaw D. Renal artery stent placement: utility in lesions
difficult to treat with balloon angioplasty. J Am Coll Cardiol
1997;30(6):1445e50.
27 Libertino JA, Bosco PJ, Ying CY, Breslin DJ, Woods BO,
Tsapatsaris NP, et al. Renal revascularization to preserve and
restore renal function. J Urol 1992;147(6):1485e7.
28 Dorros G, Jaff M, Mathiak L, Dorros II, Lowe A, Murphy K, et al.
Four-year follow-up of PalmazeSchatz stent revascularization
as treatment for atherosclerotic renal artery stenosis. Circula-
tion 1998;98(7):642e7.
29 Gill IS, Novick AC, Hodge E. Extra-anatomic renal revasculari-
zation in patients with renal artery stenosis and abdominal
aortic occlusion. Urology 1993;42(6):630e4.
30 Gross CM, Kramer J, Waigand J, Waigand J, Uhlich F, Olthoff H,
et al. Ostial renal artery stent placement for atherosclerotic
renal artery stenosis in patients with coronary artery disease.
Catheter Cardiovasc Diagn 1998;45(1):1e8.
31 Reilly JM, Rubin BG, Thompson RW, Allen BT, Anderson CB,
Sicard GA. Long-term effectiveness of extra-anatomic renal
artery revascularization. Surgery 1994;116(4):784e90.
32 Rundback JH, Gray RJ, Rozenblit G, Poplausky MR, Babu S,
Shah P, et al. Renal artery stent placement for the manage-
ment of ischaemic nephropathy. J Vasc Interv Radiol 1998;9(3):
413e20.
33 Chaikov EL, Smith RB, Salam AA, Dodson TF, Lumsden AB,
Kosinski AS, et al. Ischaemic nephropathy and concomitant
aortic disease: a ten year experience. J Vasc Surg 1994;19(1):
135e48.
34 Tuttle KR, Chouinard RF, Webber JT, Dahlstrom LR, Short RA,
Henneberry KJ, et al. Treatment of atherosclerotic ostial renal
artery stenosis with the intravascular stent. Am J Kidney Dis
1998;32(4):611e22.
35 van Damme H, Jeusette F, Pans A, Degraigne JO, Creemers E,
Albert A, et al. The impact of renal revascularization on renal
dysfunction. Eur J Vasc Endovasc Surg 1995;10(3):330e7.
36 Henry M, Amor M, Henry I, Ethevenot G, Tzvetanov K,
Courvoisier A, et al. Stents in the treatment of renal artery
ARAS Revascularization 675stenosis: long-term follow-up. J Endovasc Surg 1999;6(1):
42e51.
37 Clair DG, Belkin M, Whittemore AD, Mannick JA, Donladson MC.
Safety and efficacy of transaortic renal endarterectomy as an
adjunct to aortic surgery. J Vasc Surg 1995;21(6):926e33.
38 Rocha-Singh KJ, Mishkel GJ, Katholi RE, Ligon RA,
Armbruster JA, McShane KJ, et al. Clinical predictors of
improved long-term blood pressure control after successful
stenting of hypertensive patients with obstructive renal
artery atherosclerosis. Catheter Cardiovasc Interv 1999;47(2):
167e72.
39 Fergany A, Kolettis P, Novick AC. The contemporary role of
extra-anatomical surgical renal revascularization in patients
with atherosclerotic renal artery disease. J Urol 1995;153(6):
1798e801.
40 Rodriguez-Lopez JA, Werner A, Ray LI, Verikokos C,
Torruella LJ, Martinez E, et al. Renal artery stenosis treated
with stent deployment: indications, technique and outcome for
108 patients. J Vasc Surg 1999;29(4):617e24.
41 Hallett JW, Textor SC, Kos PB, Nicpon G, Bower TC,
Cherry Jr KJ, et al. Advanced renovascular hypertension and
renal insufficiency: trends in medical comorbidity and surgical
approach from 1970 to 1993. J Vasc Surg 1995;21(5):750e60.
42 Watson PS, Hadjipetrou P, Cox SV, Piemonte TC, Eisenhauer AC.
Effect of renal artery stenting on renal function and size in
patients with atherosclerotic renovascular disease. Circulation
2000;102(14):1671e7.43 Cambria RP, Brewster DC, L’Italien GJ, Gertler JP, Abbott WM,
LaMuraglia GM, et al. Renal artery reconstruction for the
preservation of renal function. J Vasc Surg 1996;24(3):371e82.
44 Ledermann RJ, Mendelsohn FO, Santos R, Phillips HR, Stack RS,
Crowley JJ. Primary renal artery stenting: characteristics and
outcomes after 363 procedures. Am Heart J 2001;142(2):
314e23.
45 Steinbach F, Novick AC, Campbell S, Dykstra D. Long-term
survival after surgical revascularization for atherosclerotic
renal artery disease. J Urol 1997;158(1):38e41.
46 Bush RL, Najibi S, MacDonald MJ, Lin PH, Chaikof EL, Martin LG,
et al. Endovascular revascularization of renal artery stenosis:
technical and clinical results. J Vasc Surg 2001;33(5):1041e9.
47 Cherr GS, Hansen KJ, Craven TE, Edwards MS, Liguish Jr J,
Levy PJ, et al. Surgical management of atherosclerotic reno-
vascular disease. J Vasc Surg 2002;35(2):236e45.
48 Henry M, Henry I, Klonaris C, Polydorou A, Rath P, Lakshmi G,
et al. Renal angioplasty and stenting under protection. Cath-
eter Cardiovasc Interv 2003;60(3):299e312.
49 Marone LK, Clouse D, Dorer DJ, Brewster DC, Lamuraglia GM,
Watkins MT, et al. Preservation of renal function with surgical
revascularization in patients with atherosclerotic renovascular
disease. J Vasc Surg 2004;39(2):322e9.
50 Zhang Q, Shen W, Zhang R, Zhang J, Hu J, Zhang X. Effects of
renal artery stenting on renal function and blood pressure in
patients with atherosclerotic renovascular disease. Chin Med J
2003;116(10):1451e4.
